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I .0 IuronniirTlnu

This report provides information on the seismic hazard for design of the

proposed Environmenia? Restorat'ron Dispasal Fdcillty-(ERDF);-a faiility
designed for the disposal of wastes generated during the cleanup of Hanford

Site aggregate areas. The preferred ERDF site is located south and east of

2"v0 EaSt and 'c"u0 West Arc^as (Figure 1).

The Washington State Groundwater Protection Program (WAC 173-303-806

---- --- -- ^^F'(a)(xXi )"1 re q uires that-thechara"tei`istitS "f i0cai and regionalt )
hydrogeology be defined. A plan for that work has been developed ( Weekes and

Borghese 1993). In addition, WAC 173-303-282 provides regulatory guidance on

5itl a a dau^crv35 vraste lart ^ v, A
i'. ^. ^iEPaltm2nt of ETIBY9Y (DOE) Order

5210 z8 reyd,res ce^s;^!Qra±,or! of natura1 phanOmana ha2ards mitigation for DOE
sites and facilities. This report provides information to evaluate the ERDF
site with respect to seismic hazard. The ERDF will be a Corrective Action

. ., , .,
1`lanagement lJnit ((:h`1Fifi) aS e?iied by, 4ii LFii L`vU.iJ.

2.0 FACILITY DESCRIPTION AND WASTE DESCRIPTION

The ERDF - is crup3sed to ,m,anaa_e- remed-i ated- waste from the Hanford Site in

a-fAM!! designated-by the J:S. Fnv;ronmental--Protect'on-Aganry (EPA) for tha

purpose of facilitating remediation waste management activities from the
--RA)--anu-utmprehen57-Vr--Resource Crrnservatfvn and Recovery-Act ({iC `'

Response, Compensation, and Liability Act (CERCLA) facilities in compliance
w=th Subpart 5 of 40UR 2254.652: The prcpcsed EP.DF could receive materia l

. ^<-'u'.
e^^u^-aLiOn(LK)progrdm d uring reme d iation o fiJeFtPt'ated=0v tuP[nVirt3fimefitai a

the Hanford Site_(WHC 1993a and 1993b). Approximately 22 million m3
(28.5 million yd') of material will be generated from remedial actions on
past=practice wasZe units:--Contaminated-soii from the 100 Area and 300 Area
operable units, as well as some 200 Area operable unit waste, will be disposed
in the prcpOSed ERDF_. __Tho sgll;- WTII_ likely have -elevated lnvels of varloUs
radionuclides and/or hazardous constituents.

The site-covPrs_approximately15.85 km` (6.12 miz): 10.47 km2 (4 miZ)
for primary disposal and 5.38 km2 ( 2.1 mi2) for expansion, if needed. Siting
and-land requirement-s for the propcsed ERDF are presented in the site
euc1 iatlGPr ^ ^rt W^#r- too^:)„^,3^. -

2.1 DESIGN

The proposed ERDF is expected to consist of lined and unlined trenches
and support facilities (DOE-RL 1993b). The primary disposal_.site may cover
)v0,47 km2 ( 4_mtZ)_based_on_the 22 million m3 ( 28.5 milli.on yd 3 ) estimate for ER
ge^e Zteu w$Ste, ti`? COirf"tg-U $ti-o+- of the dispOddl "'its; and the deSign of

the d1sposa! i-i nits and the support facilities. A 5 38 km2 ( 2.1 miz) expansion
area is-set aside for possible future disposal.
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2.2.1 wRi, 173-303-281

---Was-hingion_i±dmioistrative ione-i'c^=ivi Siting Criteria, provides an
in-tial- serEe: for tble ,:or:sideration of sites for dangerous waste manaa_ement

1`- facil-'r^i^s: tir,^er S°ction h, "Criteria for Elements of the Natural
Environment" ( i) Seismic Risk:

n 1 1 nannt,rna,^,-..s waste management facilities shall be located
such that the dangerous waste managpT4n+ Lln it tinlln l^, y iisG11. 411 41
-tocai:ed ai i easi-tive irn re eet ronr a fairit which has

------------ had (]ilpiacement in Hoiocene times.

- - - -----L'.-L`.L-YCC Vldel' ^Y8C.2no

.-onnirnr fl.n_ Fnllnl.linn nF nOG•
-----"'.rJ --1:ITl -IV-rll/nlll VI VVL.;...._. . ^y411tJ y

:•L, , '-_. r.u-.--csla;utrUlilent-{'if - Enci"ajr._pOllEy--afid-r2q{iir-clTeirt$

for natural phenomena hazard ( NPH) mitigation for DOE sites
and facilities using a graded approach.

This order req!dix'es-al1 stru;t;ires, systems, and components to be
designed and constructed to withstand the effects of natural phenomena
iazards. It 7s intended tfi:at all-new-str;ctt;•res comply with this order. Site

_ -p_1-ann_ing for_new structures must consider all consequences of NPH. This
i rl rl r ^ iri4_r

.^-
nn if 1h 3 v^dr •l nlainc-----_ `-- n^:lFug^^t< 5k^l--- sc^^lr7g1 's !:d da^s5?-i: -: a-:-su:cr--wlnd,--anand fl- 00^i..

rNaturalphenomlena hazard design and evaluation requirements given in the
order require a probabilistic assessment of the likelihood of future NPH
occurrence._ The-Le_ve_L ot f1PH asses_smentto be conducted is to be appropriate
for the_performance-caTeg-ories being rnn,^idPred in a manner consistent with
thegraded approach.

Structures,-systems-,-and cnmponent.s ( SSC) are assigned to one of five
performance categories (PC) in accordance wii:h performance categorization

=_criteri-a qi-ven in-the-appiicabie-DUE-Stand"rd:--_ft?r-SelSmtc-hazard^-the----- ----- -
applicable DOE Standardis UCRL-15910, which is currently being' revised as

=1lraf} il^3F Sran2ard, i!!L4[.__caTannriaS .'.re SQiecterl by
engineers-with knowledge-of systemS, Safety requirements, and facility
operations in a manner that meets DOE safety policies.

_ -^ ..F.i,(a..
Yp.erfo~Tn^n^o

r-^4ngn-in^ fVll..,.M1,J^.
7nI
G!T a. VI^Ca.-G4LC VITGJ-4rG-OJ--l/

- lJ PL Q--N4coOS_1dpratiSln ofnat!!ral-^^lenomena-i^ne;essary.

2)--PC 1--and-PC 2-=These-have-NPH--provisions-consistent with model
bu_i_lding_codes, where ensuring life safety for onsite personnel or
continuit_v of essential_ operations is an-istue of _importance, For- - -- -
°C 1SSC_,_the primary concern is preventing major structural
dama;e or collapse that woaid endanger personnel. PC 2 SSC are of
greater importance because of mission-dependent considerations.
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Lmir rn Lionc nnT nno n,.., A
wni.-3Lrwr;7u-nri-uur, ney. U

T.,hey_mayal- pose a nrcatcr danger to onsite personnel than PC I
SSC because of operations or hazardous materials within the SSC.
The PC 2 performance goal is consistent with the design criteria
r i----- -------- nr occ6nr,ni'faCiilLles (e.g. nosplLals, rire and poice
stations,yand centers for emergency operations) in accordance with
_...., I..,t.... ..,..J..

` sj -PC-3-and PC-4==These pose a^otentiai hazara to worker or
public health and safety and to the environment because

_-----_-_-ra.ad7L1,.?c#':-.°-r-1'- txv1^{•",a-t_e1'ls'^lr--are nY'^sPnt-_ -,rt_Sinnifirant..^ ^__ ,..,,,,..
..-.. . . . .

^!lanti.tie8,. ^?(, 3 N^?y, prov!-s]SlnS arP£nncYCiPnt with ihncP used
for NC-PValllatlnl^ of commercial plutonium facilities with
conservatism in between that of model building code requirements
and civilian nuclear power plant requirements. PC 4 seismic
priiviston5areCunsiStent witsi_those_usedfor_re-evaTuation or

design of civilian nuclear power plants, where offsite release of
.-._haZardoUs-materl al m:1St be preucnted

2.3 HAZARnv r.LAJJIFIIr.ATIV,\ vF THE ERDF

rmed to ^ieterlnine__'-r.ne hazar4_ c] ass.ifiraf.i-on of the FRDF
(WHC 1993a). The purpose of this study was to ( 1) establish the review and
- tit ^î o r; .̂&t'rnn lr':^al of ShA _̂ _.

r
^y

,
y..-=- and-' (2) ---.pFuv ^^--- -- ----- - -, ,, _, aiiai^n ^c^ iue a basis fora

applying a graded approach to the level of analysis and documentation of
-------safetyana^iysiS-repo'r-i=S:

_
- i-ne- aiaructaS-sliiCatlon-Was concsud-ed--to-be low.

3.0 GEOLOGY AND SEISMIC HAZARDS

- - --•__°° ___: __..
3.1 GtNtKAL litULUIiT

The >;eology of the Col;;mbia Ba.fn and Hanford Site has been discussed in
--..it.he_renaatarihara_Anor^d c-v of the site,:_____ ^ _

geology is provided in DOE ( 1988) and Reidel et al. (1992). The most recent
-- ---- - study on the structural geology and h.istoryof-deformaSion at_thE Hanford Site

IS by Keidel et al. (1987, 1993).

The Hanford Site is located in the Pasco Basin, a large topographic and
structural basin in the Yakima Fold Belt. The Yakima Fold Belt and the

- ^l--- ---
. . .Pajviise ^iope are t e tw6 Rraj6r Strtlcttlra SUbpra'vSnceS or the Columbta Bas i n.

The Palouse Slope is a relatively undeformed area that occupies the eastern
-- -- -- - part.of the Columbia Basin, and-the-Yakima Fold Belt is the western Columbia

Basin.

The C-oiumbia Basin has a long and complex structural history. The
anticlinal ridges and synclinal valleys began developing soon after the
irntiaY eruptTOnsof the Columbia RiverBasalt Group over 17 million years
ago. These folds continued to develop after the eruptions ceased, and data
indicate that tFie-folds continue to grow: The estimated contemporary growth
rate for the folds is approximately 0.04 mm/year (range 0.02 to 0.06 mm/year)
based on extrapolated geologic data.
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= it ba5 =i0n; been reaiized that an earthquake in the Yakima Fold Belt
structures might affect the nearby nuclear or hydroelectric facilities in the
Columbia Basin area. It is for this reason that extensive geologic and
geophysical investigations have been conducted throughout this specific area

-- and the surrounding Columbia Plateau since the 1970's. In the case of the
nuclear facilit=es at HanfDrd, a cG bination of deterministic and

.• „ provideprouabrlistic seismlc hazard analy515 metti^oar„^ haJe been- empi,oye +^o-Nr,,,.,,;,a^
------- ---the-bas'rs for-evafiuati-ng existing facilities and to serve as the design basis
-- --- -- - for-new structures. in these assessments, the nearby geologic structures have

been conservatively assumed to be seismogenic, even in the absence of field.. . . .•__.,`_^^ °'..+^ n^^^^^^^^^ rar b qua 25 have also been--- -evid--..'F!^e--fAi'-r^ELhn-l--f3U1-l=irlq.=. $G-La-! . r_
^^

Y'r atG-fA a ti'-S# ert. a i n to
. T2S i rre. a r^ rL . y::e?:: Dr 1 Dcat i Dn O fi'r5ed in tt`^ -rS -r DL ^

earthquakes.
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2 sei
.
smic hazaru

. .

at
.

a s • te -is` a ]^^^^^^r.._-r:_ei^ _e^8 the l_ an d-" `-- ^ocation and geometry
^_^y--^

r-
the

FMn..n v nnn:
---^f-NUCeiSLrdi--sUU^.,,CeS-Df--fUtUrc-c3rtiiquak2s,-^hcic..y.,ucnCy of

n
^^a.^rrence of

uarious sized earthq;,akes on these sources, and the characteristics of seismic
wave propagation in the region. This section summarizes the seismic hazard

^ : _-_
: : , ^ryL _ ^ u

d
r •i_

The-•-3Tla-t^lE Se
.
^STffiClia^riTatt3iys'i^ ^n3i^taT ee5r unf- for ^i^nan DT ^l^e. ine

most-recent-seismic-hazard analysis for the Hanford Site was a probabilistic
analysis done by Geomatrix for Westinghouse ( WHC 1993b).

3.2.1 Methodology

A urababilistid seismichazard analysis defines the1_i_kelihood that
------vari-ous levels of around motion will be exceeded durinq a specified time

--pe;rirsd; -i^.e:analy}'t}--p.No_.-ed^.re siac orirrinai?y_nr.^..^..^.sa.^: by Corneii ( 1968), and
the procedure has evolved since that time as more is understood about the

--- earthqzake process-and techniques for evaluating seismological,•geological,
and geophysical data. The analysis performed by Geomatrix Consultants, Inc.

.- u,,,.--,icnanTDrtl Site (WHC 1993D) is a state-of-the-art analysis using t h e most
--- -- ---recent geolooir data and teftondr modPls_ - Ihe-models, paramet.ers, and their

relative weights presented in that report represent a consensus of a team
devp lopPd_ thrniiah multiple meatinnc and dicciiccions,

3.2.2 Seismic Hazard Model

. . ..
.°°--- ---.--- --.- -._- iflehai-at'^iT^i.e-^=4oi^SiaLSCT t`7o=basTCC{3m^oiieni:SaiiiDGe1 o^•f

=--ih`^$D^.Arcc^-.°.^'-^tit'^iitiu1 .Fcitar° cai'zhqu'an^c.raj and-'ai^iodel of thc cffe^ta nl

ground motion at the site of future earthquakes. Each potential earthquake
source is characterized by parameters that describe its location, geometry,
maximum magnitude, and earthquake recurrence. A complete discussion of the
development of the model_ and its uncertainty is presented in WHC (1993b).

3.3 SEISMIC SOURCES

p__ 44 L_ s •a _• _ _ .
is.-JSC^--^li1:•"^-L0I-^^ifl Basiii IS attT'iLilUted to three

-°' >fpa4"ate- s'vu riericqiUn1- of-the seSSirfGgenic crust: faU I t sources expressed at
the surface by the Yakima folds and related reverse/thrust faults, a shallow



ie?4.... ^^ ..^^_yi .V.rc .:. ^. .. ...

WHC-SD-4J296-RPT-002, Rev. 0

basalt source that accounts for the observed seismicity within the Columbia
___•____- _•_RivQr T3asalt Grouo and is not spatially associated with the Yakima folds, and

x cry:;tallir+e basement source reyion-that extend•c, fr,,n,m the top of the
c_r;stal l ine basemel!t to tlle- basP- Of the seismogenir _rrilc+. These cai cmiC

1, seismic
r^^et' r.

J
1 .r
..;.,A._:r... .

•it~ ^
u.. I.wr_ iinnoU

- - T^^ i^^•^"`°SGtit^cS ai^Cu3 scu 111 uU^ k.^^0^ anu ^dfllal'^u uy wnL k1vo^ ). Iley lulw
------- ---- --Sn-::9cir S'J3rnLl::, c-._ aL..:._ ....:.. • L...-......J .... '

onc uaa l^. Ilnuicnn^ln IUI LntlIl sef]^T^iC IIaLE1L ana ysls.

o e I^nn11D 1_C L11I11 T[ AT TIJC ll0\ICn^n fTTC
3.-'i.--7.ni'AaL.L FnU^la Al m^ nnnrvnu aal^

-- "--"----"-"^igUre-2'siGWStii2-m^uSt r£eilti0mpiidtiCii--Of-p{ibl-151^e(^--dnd-Unp{1^'lished

geology from the ERDF site ( Reidel and Fecht 1993a, 1993c). These maps show
a17i ^f ^[^ n]^^,

Fi
'1 -rza-s.,i s.;

•
:i f`% ^` near the ERDF sfte. T^r f`L^1^rt^r^ assO^laLe,d^., b^:"SidM1i". - :. •s"tlaJ55

rti"th
4jie ;n}ir"li iil r• ^+ ^L lin_ V i d Rnl"+_ Tl.ln F^Ill+r

1^ ..I I.i'i-u^--r1UGE^a^^}a^-man2uu ^he lakrm^i-Fillu-uc-1"^. Two laui^a, the

Cold Creek fault and the May Junction fault, are located within the Cold Creek
syncline. Roth these faults are very limited in length compared to the faults

^
aSi:-rated VJ7i

aL
;ni:ii2-ailbl-El-Yna1 1 IUyoS.

• All the faults on the Hanford Site are consYOerea to have some finite
probability of being "capable" faults following Nuclear Regulatory Commission
(NRC) nuclear piant licensing criteria. This approach was taken to be
-eonservative; howeveri-only the-Central CabTe Mauntain fauit has been shown to

= have rost-13;nunu0-yea'r-niovement. The Cmyrna Ronch segment of the Saddle
Mountains fault has long been suspected of having late Quaternary-Holocene

•---, ^ l-;-=:J_:-` --`- -- ^rovemenr. ( nelcel et= a •̂ : -iyys ) , but no conciusive data nas been rouna. Th e
nearest known fault to the ERDF facility is the Yakima Ridge fault at a
a;,.a...,,.,. Of ^ Lm
UI^lG11l.C UI J nlll.

4.0 SEISMIC HAZARD ANALYSIS RESULTS

fi-gure 3- prasgntsthe -comFruted irrean peak hazarzt and computed uncertainty
for the 200 West area for peak acceleration and 5% damped spectral
-acceleratiens at-periods of 0:3 and ?.0 seconds. The uncertainty bands vary
-_from-about one order of magnitude at low ground motion levels to over two

----orders--of magrliiudf at.--large grnundffut-in ieveis.- The unrert.aint.y in the
computed hazard also increases as one considers longer periods of vibration.
The distribution in computed frequency of exceedance becomes skewed at the

---highrer yround-motion-(evei-S, and the-,ilean hazard-iles-near the-i5t-h-percentile
of the hazard distribution. The 200 East-Area is essentially the same as the
nn

L^J /Yesl. F1rea.

5.0 CONCLUSIONS

- The iow-hazardERDF
in Kennedy et a1. (1990).
^orra^n^o+;nn of

(lravity)"4%=-s^ls_eaIV.1

Criteria=^SDC)^1JHC i989)
low -hazard._ fauidanre-in

facility has a performance goal of 10'3 as outlined
The 10-3 ground motion is about 0.13 g
Th_eHanfnrdPlant. Standard Structural Design

givesthe oeak around-acceleratfon of 0.12 g for a
WHC. (1969) is appropriate for use on this facility,
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Figure 2. Geologic Map of the
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